Background Under-5 mortality is unacceptably high in many countries, the burden of which is mainly borne by the poor. Whereas country characteristics are known to influence under-5 mortality, it is unknown whether these have a different impact on the poor and the rich. We aimed to describe how the association between under-5 mortality and socioeconomic, political, and health care factors varies in strength between richer and poorer children.
Introduction
Some populations are healthier than others. Developing countries exhibit enormous variation in life expectancy and under-5 mortality levels. Under-5 mortality varies from 37/1000 in Colombia to 303/1000 in Niger. National-level determinants of population health explaining differences between countries and trends over time 1, 2 have been extensively studied.
Female literacy [3] [4] [5] and national income 6, 7 are well-known determinants, as are political development 8, 9 and government commitment to health care. 5, [10] [11] [12] behaviour. 17 Much less is known about the extent to which national-level factors, like government health spending, differentially influence mortality levels of poorer and richer children. Although all wealth layers may profit from, for example, higher levels of socioeconomic development, not all may benefit equally. Benefit-incidence studies have shown that the rich often profit most from public investments in education and health. 18 This unequal effect has, however, only rarely been studied in relation to health outcomes. Only scattered references occur in the literature, and these focus mainly on the differential mortality effects of public spending on health. 19, 20 It is important to answer the same question for a broader set of national-level determinants, as this may provide new insight into the causes of high mortality rates among the poor. This paper aims to describe to what extent the association between under-5 mortality and well-known socioeconomic, political, and health care factors varies in strength between richer and poorer children within countries. Under-5 mortality is an often-used indicator of population health, and data on under-5 mortality are relatively reliable compared with other measures of population health. Our hypothesis is that country-level determinants of population health interact with the relative position of individuals in the national wealth hierarchy. The importance of this relative position to health has been described in previous studies. 21 As a corollary, the effects of these national-level determinants would vary between poor and rich children. On the basis of the existing literature we would expect socioeconomic improvement to have stronger effects on mortality among the rich, 22, 23 and political development and government commitment to health care to have stronger effects on mortality levels among the poor. 19, 20 This hypothesis is tested on a cross-national dataset for 43 low-income and middle-income countries, using observed wealth-specific under-5 mortality rates as a dependent variable.
Methods
Data on under-5 mortality for 43 countries in Africa, Asia, and Latin America were obtained from World Bank Country Reports. 13 These reports give, for each of the countries, the under-5 mortality rate for the total population and stratified for five, equally large, wealth groups. The Country Reports are based on data collected through the Demographic and Health Surveys (DHS) programme. 24 The DHS are nationally representative surveys, for which usually between 5000 and 10 000 women, aged 15-49 years, are interviewed. The surveys include retrospective birth histories, which provide mortality data for individual children. The surveys also include information on household ownership of assets. In the Country Reports, under-5 mortality was defined as the number of deaths under age 60 months per 1000 live births of those born during the 10 years preceding the survey. Wealth was defined in terms of household ownership of assets. The assets were combined into a wealth index using principal components derived weights. 13, 25 This index has been shown to be a good measure of relative economic position in developing countries. 25, 26 Wealth groups were constructed such that each consisted of 20% of the survey-population. Countries for which Country Reports were available at the time of analysis, were included in our study (Table 1) .
Explanatory variables
Three types of country characteristics are of particular importance for child survival: the level of socioeconomic development, political development, and government commitment to health. Some of the indicators, such as democracy, are contextual variables by definition. For others, like a country's female literacy rate, there are indications that they exert a contextual effect on mortality above and beyond their individual-level effect.
Socioeconomic development, with GDP (Gross Domestic Product) per capita and female literacy rate as key indicators, is a well-known determinant of under-5 mortality. There is some empirical evidence that economic growth tends to be translated into faster mortality declines among the better-off compared with the poor, and that this might be explained partly by a faster adoption of new health technologies by the more wealthy. 22, 23 To account for the well-known curvilinear relationship between income and mortality 6 we used the log 10 of real GDP per capita
[adjusted for Purchasing Power Parity (PPP)]. Although, the individual-level effects of female literacy on child survival are universally acknowledged, there are indications that female literacy also has effects at the country level over and above those at the individual level. 4 High female literacy rates are thought to be associated with increased overall women's autonomy. 27 Also, they are assumed to reflect 'the capacity of a system to organize and mobilize to fulfil societal necessities'. 28 There is a lot of debate, both in scientific and political discourse, about the importance of governance for human development. 29 Democracy and state strength are elements of governance that are of main concern. Some studies suggest an effect of democracy or political rights 4, 9, 27 and state strength 8 on child survival, though this has been debated by others. 30 Our study is the first to empirically describe the strength of the association between democracy and state strength on the one hand, and mortality among poorer and richer children on the other. Democracy, through competition for political power, is thought to make 'politicians more likely to respond to people's needs', thereby being conducive to human development. 29 We have used one of the most, if not the most, often used indicators of democracy and state strength. State strength, measured by tax revenue as percentage of GDP, indicates a state's capacity to extract resources, which can be used for public goods and services. 8, 30 Gastil's political rights index was used as a measure of democracy. 31, 32 To facilitate interpretation, we recoded the index from a 1 (most democratic) to 7 (least democratic) scale to a 0 (most democratic) to 1 (least democratic) scale. Ethnic fragmentation, a sociopolitical country characteristic, has been reported to be associated with higher under-5 mortality levels. 33 Ethnic fragmentation, defined as 'the probability that two randomly selected individuals in a country will belong to different ethnolinguistic groups', is closely associated with measures of social polarization and conflict. It has been shown to foster rent-seeking behaviour and to impede decision-making about the provision of public goods. 32 The effect of public spending on health on under-5 mortality levels is being debated. Whereas some studies find such an effect, 10, 11 others find less or no support for this claim. 33 There are also studies that suggest that public spending especially impacts on mortality levels among the poor. 19, 20 We calculated public spending on health per capita (in PPP terms) by multiplying public spending on health as percentage of GDP by GDP per capita (PPP). The log 10 of public health spending was taken, as this has been shown in previous literature to be the appropriate functional form. 10 The data used are for 1990, unless otherwise stated (Table 1) . Hence, the reference year of the explanatory variables falls roughly in the same period as the included birth histories.
Statistical analysis
The associations between the determinants and under-5 mortality were studied using OLS linear regression analysis, following the example of influential papers. 33, 34 First, the univariate relationship between mortality and each of the determinants was studied. Next, confounders that a priori were considered important-female literacy, (log 10 ) GDP per capita, and region-were added to the model. Female literacy and GDP per capita are probably the most universally acknowledged country-level determinants of under-5 mortality, as well as being closely associated with the performance of countries in a range of other dimensions, including those studied here. 'Region' captures a whole set of, among others, historical, geographical, and cultural factors, that are associated both with under-5 mortality and with the explanatory variables studied. By adding dummies for regions as confounder to the model, we were able to adjust for this entire range of potential confounders. The effects of the explanatory variables were expressed in relative terms, as is conventional in research studying health outcomes. Relative effects of the explanatory variables were obtained by using the log 10 of under-5 mortality (U5M). Relative effects, measured in rate ratios, were calculated by taking 10 to the power of the (unstandardized) regression coefficients of the explanatory variables, yielding the factor by which under-5 mortality changes, given a change in the explanatory variable of 1 unit. As rate ratios .1 are intuitively easier to interpret, the explanatory variables were coded such that 0 indicated the highest or most 'desirable' value, and 1 the lowest or least 'desirable' value. Since the log 10 was used for GDP and health spending, the rate ratio in these cases indicates the factor by which mortality changes upon a 10-fold change in the explanatory variable.
First, we estimated the effects of the explanatory variables for the total population and per wealth quintile. The formula for the analysis of the effect of GDP per capita on under-5 mortality, corrected for female literacy (Flit) is presented as an example. Dummies for regions were handled in the model analogous to female literacy.
For every single wealth quintile we fitted
where i stands for country. This is exactly the same analysis as can be performed for the total population, and leads to the effect sizes and confidence intervals presented in Table 2 .
Then, to test whether there was a linear trend in the effect of explanatory variables across wealth quintiles, we collapsed the five quintile specific datasets into one large dataset. If all parameters in the analysis using the collapsed dataset were made quintile-specific, the results would be identical to the ones estimated by using Equation (1) . Instead, we restricted the quintile specific parameters b 1q in such a way that they lay on a straight line. This was done by replacing b 1q with b 11 1 b t (q À 1), where q is wealth class as a continuous variable. This construction in effect means that the differences between adjacent b 1q 's are constant with value b t . By adding, in the collapsed dataset, country as a categorical variable to the model, we ensured that differences in mean mortality level between countries are removed from the error term, thereby enhancing the power of the analysis. Again, the formula for the analysis of the effect of GDP per capita on under-5 mortality, corrected for female literacy is presented as an example.
where b 0i represent different intercepts for each country, which is the same as adding country as a categorical variable to the model. The residual number of degrees of freedom for model 2 is 43*5 (number of observations) À43 (different intercepts for country) À1 (trend for GDP) À4 (interaction parameters for Flit). As the different intercepts for country are merely nuisance variables (uncorrelated with the effects of interest), the model fits essentially five parameters with 167 residual degrees of freedom. This implies that the number of observations is adequate to fit the model reliably.
Two additional analyses were performed to explore two main findings of this paper in further depth. First, we assessed whether the significantly stronger effect of GDP on richer groups (see Results section) could be explained by an unequal distribution of income within countries. For this purpose, income inequality was added as fourth confounder to the models for GDP. This was done for two measures of income inequality, the gini-index and the share of income or consumption of the richest to the poorest 20% population group.
Second, we assessed whether the significantly stronger effect of public spending on health on mortality levels among the poor (see Results section), could be explained by a stronger effect of such spending on health care utilization in this group. For this purpose, we used public spending on health as an explanatory variable for (i) full childhood immunization coverage and (ii) skilled delivery attendance, using a similar line of analysis as described above.
To make optimal use of the data, the number of countries included was allowed to vary according to the number of missing a Regression based estimates of under-5 mortality rate ratios indicating the decrease in under-5 mortality associated with a 10-fold increase in GDP per capita and an increase in female literacy from 0 to 100%, respectively. b P-value for test on linear trend in the effect of the explanatory variable across wealth quintiles.
cases per explanatory variable. The analyses were performed with GLIM4. 35 
Results
The countries included varied widely, both in terms of level of development and in the extent of ethnic fragmentation (Table 1) . Furthermore, the mean under-5 mortality rate among poorer children was much higher than that among richer ones.
In countries with a 10-fold higher GDP per capita, total under-5 mortality was on average a 4.4-fold lower (95% CI 3.1-6.2) (Table 2) . After adjustment for female literacy, the effect of GDP was 2.4 (results not shown). Additional adjustment for region further reduced the effect to 1.95 ( Table 2 ), meaning that, after adjustment, a 10-fold higher GDP per capita was associated with an almost 2-fold lower mortality rate.
There was a statistically significant linear trend in the effect of GDP per capita across wealth groups, showing weaker effects on under-5 mortality among the poor (P 5 0.014). This is illustrated by smaller reductions in under-5 mortality among the poor compared with the rich, upon increases in GDP (Figure 1) . The lack of distinction in mortality levels among the poorest four groups at low levels of GDP is empirically observed in many African countries. The significantly weaker effect of GDP on mortality levels among the poor remained after adjusting for the income distribution within countries, measured using the giniindex ( Table 2 ). Practically the same was observed when using the share of income or consumption of the richest to the poorest 20% population group (results not shown).
Higher female literacy rates were strongly and significantly associated with lower total under-5 mortality, also after adjusting for confounders. The adjusted effect of female literacy, however, did not vary significantly between poorer and richer children.
More democratic and ethnically homogeneous countries showed, in the univariate analysis, significantly lower total under-5 mortality rates (Table 3) . After adjusting for confounding, only state strength was slightly, though significantly, associated with lower total under-5 mortality. The strength of this association was comparable across wealth groups. Although the effect of ethnic homogeneity on total under-5 mortality was not significant after adjusting for confounders, a significant linear trend in the effect was observed across wealth groups. Ethnic fragmentation was more strongly associated with higher under-5 mortality among the poor compared with the rich (P 5 0.027).
Public spending on health was slightly and not significantly related to total under-5 mortality after adjusting for GDP, female literacy, and region (Table 4) . However, the effects of public spending differed strongly and significantly between wealth groups, showing stronger effects on the mortality level among poor children (P 5 0.0001). a Regression based estimates of under-5 mortality rate ratios indicating the decrease in under-5 mortality associated with a change from least to most democratic, with an increase in taxing from 0% of GDP to 10% of GDP, and with a change from extremely ethnically fragmented to ethnically homogeneous, respectively. b P-value for test on linear trend in the effect of the explanatory variable across wealth quintiles.
Health care use among the poor was significantly more strongly associated with levels of public spending on health than health care use among the rich. We observed this for full childhood immunization coverage (P-value for trend test 5 0.045) and for skilled delivery attendance (P 5 0.0001).
Discussion
Our study shows that national-level determinants of under-5 mortality can have a different effect on the poor and the rich. The association between national per capita income and under-5 mortality was significantly stronger among the rich compared with the poor. In contrast, the association between public spending on health and under-5 mortality was significantly stronger among the poor. Ethnic fragmentation was significantly more strongly associated with higher under-5 mortality rates among the poor compared with the rich. No differentials in the relative effect of female literacy, democracy, and state strength were observed.
Evaluation of data and methods
Our study describes, for low-income and middle-income countries, how under-5 mortality rates vary with the nationallevel context. Differences between countries have often materialized over longer periods of time. We have described those tendencies that could be captured cross sectionally, and have included no time-trends or lagged effects.
The large number of developing countries for which comparable data on under-5 mortality in different wealth layers are available, combined with the heterogeneity of these countries in terms of mortality and its determinants, and the possibility to statistically adjust for important confounders, makes the quantitative cross-country comparative design used particularly valuable. The importance of international comparisons for the analysis of country-level effects has been underlined by others, 36 and the quantitative cross-national study design used, is very common in development studies, political sciences, and sociology. [6] [7] [8] [9] 30 Such comparisons complement evidence that is available from time-trend analyses. The little information that is available on time-trends in developing countries confirms some of our main conclusions. Relative socioeconomic mortality inequalities, for example, appear to increase in periods of economic growth. 22, 37, 38 Caution must, however, be exercised when interpreting the observed statistical effects as causal effects. In our analyses, we corrected for the two most probable confounders, female literacy rate and GDP per capita, and for a third, region, which captures a whole set of factors that could act as confounders. However, the possibility of uncontrolled confounding cannot be excluded. Unfortunately, a lack of wealth-specific mortality data for a larger set of countries inhibits the use of more elaborate models.
Reverse causation is less likely to be an alternative explanation for the observed differences in effect between wealth groups. The causal effect of GDP on population health has been demonstrated in previous research. 7 Moreover, it seems unlikely that lower mortality rates among the poor would cause an increase in public spending on health or a decrease in ethnic fragmentation. Our definition of wealth is a relative one, describing the position of children in the national wealth hierarchy. This was partly a pragmatic choice, as mortality data stratified by relative status are readily available for a large number of developing countries, whereas for absolute economic status they are not. But even if such data would exist, it would probably remain difficult to assess, in a cross-national analysis, trends in effect across absolute wealth groups within countries. In many countries, the rich, in absolute terms, are virtually non-existent, whereas in other countries, the poor, in absolute terms, are almost nonexistent. In Mali, for example, 73% of the population lives below the poverty-line of $1 a day, whereas this is only 3% in the Dominican Republic. 39 The importance of relative a Regression-based estimates of under-5 mortality rate ratios indicating the decrease in under-5 mortality associated with a 10-fold increase in public spending on health per capita per capita. b Regression-based estimates of full immunization coverage rate ratios indicating the increase in full immunization coverage associated with a 10-fold increase in public spending on health per capita. c Regression-based estimates of skilled delivery attendance prevalence rate ratios indicating the increase in skilled delivery attendance prevalence associated with a 10-fold increase in public spending on health per capita. d P-value for test on linear trend in the effect of the explanatory variable across wealth quintiles.
socioeconomic position for one's health has been emphasized in earlier studies. 21 More importantly, our approach is consistent with Rogers' influential diffusion of innovations theory. 40 According to this theory, societal changes spread unequally through a population, reaching higher socioeconomic classes first before reaching the lower classes. 22, 23 If national income rises, for example, it would be the relatively rich that would first reap the benefits in terms of improved survival.
The results of our cross-sectional analysis were consistent with this hypothesis: the association between GDP per capita and under-5 mortality levels was stronger among the relatively rich.
We studied a broad set of countries, mostly in Africa, Asia, and Latin America. However, as no data were available for MiddleEastern countries at the time of analysis, our findings cannot necessarily be generalized to this region.
For the above reasons, it is important to interpret our results with some caution. At the same time, they are an important first step in the new research field of contextual determinants of population health and can be used as a basis for further research.
Furthermore, while research on health outcomes conventionally uses relative effect measures, such as rate ratios, effects expressed in absolute terms, such as rate differences, do not necessarily yield the same results. 41 Illustrative is our finding of significantly stronger absolute effects of a country's female literacy rate on mortality levels among poor children (P 5 0.009) (results available upon request). So, whereas in relative terms, the effect of female literacy appeared the same for the rich and poor, absolute effects were significantly stronger for the poor.
Explaining the results
The stronger effect of national per capita income on mortality levels among the rich was not explained by the income distribution within countries. Our findings correspond to those of Victora 23 and Wagstaff, 22 whose findings suggest that the stronger effect of national income on the rich is possibly due to a faster assimilation of new health technologies by the better-off. Ethnic fragmentation has been shown to be associated with high under-5 mortality in a previous study. 33 Our finding that ethnic fragmentation appears to have small, but significantly stronger, effects on the poor than on the rich is a new one. This was especially observed for Africa, where the degree of fragmentation differs greatly between countries. In ethnically fragmented countries, entitlements 27 to material and other resources important for child survival, might be distributed along ethnical lines. In these countries, therefore, being poor, not only means having no money, but possibly also being deprived of entitlements to resources like health care. Our findings run parallel to another study, which found that ethnic fragmentation in Africa is liable to result in high income inequality. 42 Some studies have suggested that democracy has a role in reducing poor-rich inequalities in childhood mortality. As democratic governments have to listen to their electorate, public policies would be more pro-poor, particularly in countries where the majority of the electorate is poor. Our study is the first to show that if an association exists, it is comparable across wealth groups.
The effect of public spending on health on mortality rates is much debated. Our results support studies that find an effect especially on the poor. 19, 20 Preliminary results of a stratified analysis suggest that this applies equally to countries with a low and with a relatively high GDP per capita (results not shown). The significantly stronger effects of public spending on under-5 mortality among the poor are missed when only aggregate mortality levels are studied. 33 The observed negative effects on the rich, and maybe also the small effects on the total population, may have been affected by a special multicollinearity problem due to a strong association between GDP and public spending (r 5 0.77). The stronger effect of public spending on health on poorer children is possibly explained by the significantly stronger responsiveness of the utilization of primary care among these households to increases in such spending.
Cross-national studies like ours give complementary insight into the effects of public spending in comparison with benefitincidence studies, which often study one country or programme. Benefit-incidence studies combine information about the costs of the provision of public services with the use of these services. 18 Such studies reveal that the distribution of public spending tends to favour the better-off. Apparently, even though in monetary terms public spending favours the rich, the effects in mortality terms are likely to be larger for the poor. Further research would be needed to assess how this money is spent most effectively for the benefit of the poor, for example through selective or comprehensive primary care.
Implications
The well-known 'Preston-curve', showing the relationship between national income and life expectancy or child mortality, can be refined with a flatter curve for poorer children within countries and a steeper curve for richer ones. Our findings suggest that economic growth is, on average, associated with widening poor-rich mortality disparities in under-5 mortality. Increased public spending on health might partly remedy this effect. Our results suggest that such spending might be an important tool to improve child survival among the poor.
Although ethnic fragmentation itself is not amenable to change, our findings suggest that understanding social and cultural barriers to mortality reduction could be important when tackling the high mortality rates among the poor.
Conclusion
Differential effects on poorer and richer children of such a broad range of country characteristics have not been reported before. Our study shows that the conventional focus on average effects of national-level determinants of population health can conceal important differences in effect between subgroups. In addition, the primary focus in the existing literature on household-level causes of high mortality among the poor may distract attention from important, and more structural, determinants at the national level. Households are not autonomous units. Therefore, the causes of under-5 mortality cannot be fully unravelled by zooming-in on household-level factors alone. Zooming-out to country, region, or even global-level determinants of under-5 mortality, and especially studying their interaction with the economic position of individuals, is of fundamental importance.
